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(57) ABSTRACT 

Enhanced passgate structures for use in loW-voltage systems 
are presented in Which the in?uence of Vt on the range of 
signals passed by single-transistor passgates is reduced. In 
one arrangement, the VGATE-Vt limit for signals propagated 
through NMOS passgates is raised by applying a higher 
VGATE; in another arrangement, the Vt is loWered. The use 
of CMOS passgates in applications Where single-transistor 
passgates have traditionally been used is also presented. 

0 VGATE 62 
c , § 

613 

VIN 
601 

'(610 

603 —— 

.TK 



Patent Application Publication Jan. 11, 2007 Sheet 1 0f 3 US 2007/0008000 A1 

104 IF ___________ _ _' 

m \11/0 POWER SUPPLY, : 
.- ---- - - -I1/o PIN, | 

: {DEDICATED EXTERNAL PIN I 
. ._ ___________ __I 

VCATE > VH 
I00 

V|N={VLIVH} / V 
OUT Cf Rim FIG.1 

‘EXTERTQZITPTNT " _I 
:CHARGE PUMP. { 
|VOLTAGE I 

500~. IREFERENCE, I 
@ VGcfITE . "JVOLTAGE DIVIDER. I 

403 400 :LEVEL-SHIFTER. : CONTROL CIRCUIT. l;- / VGAT :ETC. : 

401 \ 402 > 

0 405 

VBIAS 

p SUBSTRATE 

FIG. 5 





Patent Application Publication Jan. 11, 2007 Sheet 3 0f 3 

SIGNAL 
SOURCE 

700 
/ 
V 

VGATE DDQOQ 

/ 
8018 E T * 801 b 

10/201/40/60 
71 0/7 50/7 80/ETC. 

730/735 

\820 

700 
/ 

US 2007/0008000 A1 

a. 

I 

v 
VGATE DD 
_ i _ 

802 720 

I SIGNAL 

801%? 801b 
10/201/40/60 

DESTINATION 

FIG. 8 
907 / 

710/7 50/7 80/ETC. 

906 / 
902 
/ 

PERIPHERAL 
DEVICES 

903 
/ 

901 
\ 

I/O 

/90 
INTEGRATED 

CIRCUIT DEVICE 

904 
/ 

PROCESSOR 

905 
/ 

MEMORY 

FIG. 9 



US 2007/0008000 A1 

PASSGATE STRUCTURES FOR USE IN 
LOW-VOLTAGE APPLICATIONS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a division US. patent applica 
tion Ser. No. 09/931,475, ?led Aug. 16, 2001, Which is a 
nonprovisional of US. provisional patent application Ser. 
No. 60/225,585, ?led Aug. 16, 2000. All of these prior 
applications are hereby incorporated by reference herein in 
their entireties. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to integrated circuit devices, 
and more particularly to the passgate structures Which may 
be used in such devices. 

[0003] One of the most ubiquitous structures Within an 
integrated circuit device is the single-transistor passgate, 
Which is commonly used to implement (either singly or in 
combination With other circuits) sWitches, multiplexers, 
logic functions (e.g., pass transistor logic), and gating 
mechanisms for tristatable circuits (e.g., buffers and drivers). 
In some integrated circuit devices, single-transistor passgate 
structures may account for a signi?cant portion of the 
circuitry; for example, in the case of programmable logic 
devices, single-transistor passgates are used extensively 
throughout the device as part of the programmable inter 
connection circuitry. 

[0004] The operation of a typical single-transistor pass 
gate may be succinctly illustrated by a description of an 
NMOS passgate (analogous principles of operation, as 
understood by one skilled in the art, Would apply for a 
PMOS passgate). Depending on Whether the potential dif 
ference betWeen its gate terminal, VGATE, and its source 
terminal, VSOURCE, exceeds the threshold voltage, Vt, an 
NMOS passgate acts as an “open” or a “closed” sWitch. (As 
is Well-known in the art, there is no physical difference 
betWeen the “source” and “drain” terminals of an MOS 
device; the source terminal of an NMOS transistor is the 
terminal having the loWer voltage.) When VGATE-VSOURCE 
is less than Vt, the NMOS passgate is in the “cuto?‘” state, 
thereby acting as an “open” sWitch; When VGATE-VSOURCE 
is greater than Vt, the NMOS passgate is in the conduction 
state, thereby acting as a “closed” sWitch. 

[0005] Accordingly, a ceiling is imposed on the output of 
an NMOS passgate in that it cannot exceed VGATE-Vt (since 
the NMOS passgate starts to enter the “cuto?‘” mode When 
VGATE-VSOURCE approaches Vt). For example, When VGATE 
and a logic HIGH signal to be passed by an NMOS passgate 
both correspond to the positive supply level, VDD, the signal 
that may be passed to the output of the NMOS passgate is 
limited to VDD-Vt. Extending the analysis to the case of 
PMOS passgates, a loWer limit equal to [V] is imposed on 
logic LOW signals that may be passed. (As is Well-known in 
the art, Vt is not a discrete value for an MOS transistor; it 
may be considered a range of values that is in?uenced by a 
variety of second-order effects, such as substrate bias and 
subthreshold conduction. HoWever, in order to simplify the 
illustration of the principles of the present invention, Vt Will 
be discussed herein as if it is a discrete value rather than a 

range of values.) 
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[0006] With the current trend in scaling doWn device 
geometries and the consequent use of ever-loWer operating 
voltages (e.g., supply voltages, bias voltages, etc.), Which 
are nearing levels comparable to Vt, the ability of single 
transistor passgate structures to reliably pass recogniZable 
logic levels Will become more dif?cult in vieW of the 
in?uence Vt exerts on the logic levels that may be propa 
gated (i.e., the VGATE-Vt ceiling imposed on the logic HIGH 
voltage levels that are passed by NMOS passgates, and the 
[V] loWer limit on the logic LOW signals that are passed by 
PMOS passgates). 

SUMMARY OF THE INVENTION 

[0007] The present invention relates to enhanced passgate 
structures for use in loW-voltage systems. In accordance 
With the principles of the present invention, various tech 
niques are presented for mitigating the effect of Vt on the 
range of signals that may be propagated through single 
transistor passgates. Although the techniques described 
herein are illustrated using NMOS passgates, they may be 
readily adapted to PMOS structures. 

[0008] In one arrangement, the VGATE-Vt limit imposed 
on the logic HIGH signals passed by NMOS passgates may 
be raised by applying higher VGATE levels, Which may be 
provided from a variety of sources. Alternatively, the V6“ 
Vt ceiling may be raised by loWering Vt via process adjust 
ments during fabrication and/or by tuning the biasing volt 
age of the Well in Which the passgate is fabricated. 

[0009] Also, the use of CMOS passgates in applications 
Where single-transistor passgates have traditionally been 
used is presented. 

[0010] Further features of the invention, its nature and 
various advantages Will be more apparent from the accom 
panying draWings and the folloWing detailed description of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a schematic representation of an enhanced 
passgate structure Which may be constructed in accordance 
With the principles of the present invention. 

[0012] FIG. 2 is a simpli?ed illustration of an aspect of an 
integrated circuit device Which may be fabricated in accor 
dance With the principles of the present invention. 

[0013] FIG. 3 is a simpli?ed illustration of an aspect of 
another integrated circuit device Which may be fabricated in 
accordance With the principles of the present invention. 

[0014] FIG. 4 is a schematic representation of another 
enhanced passgate structure Which may be constructed in 
accordance With the principles of the present invention. 

[0015] FIG. 5 illustrates an aspect of the enhanced pass 
gate structure of FIG. 4 in greater detail. 

[0016] FIG. 6 is a schematic representation of a passgate 
structure Which may be used in accordance With the prin 
ciples of the present invention. 

[0017] FIG. 7 is a simpli?ed block diagram ofa program 
mable logic device. 

[0018] FIG. 8 illustrates hoW an aspect of the program 
mable logic device of FIG. 7 may be improved in accor 
dance With the principles of the present invention. 
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[0019] FIG. 9 is a simpli?ed block diagram of an illustra 
tive system that includes an integrated circuit device Which 
has been improved in accordance With the principles of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] For the purpose of simplifying the discussion of the 
principles of the present invention, the techniques and 
embodiments described herein Will focus on NMOS pass 
gates. HoWever, the principles illustrated herein are appli 
cable to similar arrangements involving PMOS passgates. 

[0021] FIG. 1 illustrates one arrangement for reducing the 
effect of Vt on the range of signals that may be passed by 
NMOS passgates in accordance With the principles of the 
present invention. In the arrangement shoWn in FIG. 1, the 
effect of the VGATE-Vt limit on the signals passed by NMOS 
passgate 100 may be offset by applying as VGATE a voltage 
level that exceeds the logic HIGH signals, VH, to be passed 
by NMOS passgate 100. For example, if VH corresponds to 
the positive supply voltage, VDD, then a VGATE that exceeds 
VDD Would be applied to NMOS passgate 100 to turn it 
“ON”. In some designs, depending on the process being 
used and the voltage difference between VH and the higher 
VGATE, NMOS passgate 100 may be a high-voltage tolerant 
transistor, such as a thick-oxide device, in order to reliably 
handle the higher VGATE. 

[0022] For the purposes of the present invention, VGATE 
may be a static bias voltage or a dynamic signal. In one 
embodiment, as illustrated in FIG. 1, the higher VGATE may 
be derived from any of a variety of sources 104, such as the 
positive I/O supply voltage, VDDI/O (e.g., When the core 
circuitry and the I/O circuitry have separate poWer supplies 
and VDDUO is greater than VH), an I/O pin (e.g., control/data 
signals provided from an external source that uses signalling 
levels higher than VH), or a dedicated external pin on Which 
a voltage greater than VH is applied (e.g., bias voltages, 
auxiliary poWer supply voltages, etc.). 

[0023] In other embodiments, depending on the applica 
tion, the higher VGATE may also be generated by any of a 
variety of voltage boosting/conversion circuitry such as 
charge pumps and voltage converters (e.g., DC/DC, AC/DC, 
etc.). 
[0024] Rather than increasing VGATE, another Way to raise 
the VGATE-Vt ceiling is to loWer the threshold voltage, Vt. 
Although transistors may be fabricated With threshold volt 
ages close to Zero volts (e.g., “native” devices), there is a 
tradeolf betWeen decreasing Vt and increasing the leakage 
current during the “OFF” state. In accordance With the 
principles of the present invention, it is thus preferable to 
loWer the associated threshold voltages of those speci?c 
transistors Which may be used as passgates. 

[0025] One arrangement for accomplishing this is shoWn 
in FIG. 2, Which schematically illustrates a portion of a 
representative integrated circuit device 20, in Which tWo 
transistors have been fabricated With different threshold 
voltages. As shoWn in FIG. 2, one of the transistors 200, 
Which is to be con?gured for operation as part of a circuit 
other than a passgate structure, may be fabricated With an 
associated Vt equal to VX, Whereas the other transistor 201, 
Which is to be con?gured for operation as a passgate, may 
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be fabricated With an associated Vt that is less than VX. 
Expanding on the arrangement shoWn in FIG. 2, FIG. 3 
shoWs a portion of an integrated circuit device 30, Which is 
divided into different sections 301/302/303, Wherein all the 
transistors Within a given section have been fabricated With 
a speci?c threshold voltage that may be different from that 
of the transistors in the other sections. For example, sections 
301 and 302 may each be a routing netWork With a high 
concentration of passgates (Which may be used to construct, 
for example, interconnection sWitches and multiplexers). 
Accordingly, the transistors in sections 301 and 302 could be 
fabricated With a Vt that is loWer than that of the transistors 
in other sections 303. 

[0026] As an alternative, or in addition, to selectively 
fabricating loW Vt transistors, FIGS. 4 and 5 illustrate an 
arrangement Wherein a loWer Vt may be achieved by con 
trolling the bias voltage, VBIAS, of the Well 405 in Which the 
NMOS passgate 400 is fabricated. For the purposes of the 
present invention, NMOS passgate 400 is preferably fabri 
cated in a Well 405 Which is capable of being biased to a 
voltage that is different from that Which is used to bias the 
substrate 520. In the illustrative embodiment shoWn in FIG. 
5, for example, a triple-Well process may be used to alloW 
p-Well 405 to be biased separately from the p-substrate 520, 
thereby alloWing the Vt of NMOS passgate 400 to be 
adjusted as a function of the source-to-bulk potential differ 
ence, VSB, Which, in the arrangement shoWn in FIG. 5, is 
dependent on VBIAS. The relationship betWeen Vt and VSB 
for an NMOS transistor, Which should be familiar to those 
skilled in the art, may be expressed as folloWs: 

(Wherein Vto is the threshold voltage When VSB is Zero, g is 
the body-effect constant, and CIJF is a term associated With the 
doping of the Well). Accordingly, the Vt of NMOS passgate 
400 may thus be loWered by creating a negative VSB by 
setting the bias voltage, VBIAS, of Well 405 to a level that is 
higher than the voltage level present on the source terminal 
of NMOS passgate 400. For the purposes of the present 
invention, VBIAS should not be high enough to forWard bias 
the junction betWeen the source/drain 401/402 and the 
p-Well 405. Accordingly, in some embodiments, VBIAS may 
be set to a voltage that is slightly higher than the loWest 
possible voltage that may be present on the source terminal 
(e.g., if the loWest possible voltage that could be applied to 
the source terminal is ground, then VBIAS Would be set to a 
voltage level that is slightly above ground). 

[0027] In accordance With the principles of the present 
invention, VBIAS may be derived from any of a variety of 
sources and bias generation schemes 500, Which may be 
either internal or external to the integrated circuit device 
Which includes NMOS passgate 400. Such sources 500 may 
include external pins, charge pumps, voltage references, 
voltage dividers, level-shifters, control/feedback circuitry, 
and the like. In some designs, VBIAS may be provided as a 
static voltage, Which may or may not correspond to any of 
the supply voltages used on the integrated circuit device. In 
other designs, it may be preferable to use a dynamic voltage 
for VBIAS, Which may be provided by a control circuit that 
generates a variable VBIAS that may be a function of any of 
a variety of parameters, such as process variations, tempera 
ture, voltage, current, or a combination thereof. As a result, 
the Vt of NMOS passgate 400 may be tuned in a feedback 
loop to achieve a loW Vt that optimiZes, for example, the 



US 2007/0008000 A1 

tradeolf between lowering Vt and increasing leakage current. 
In accordance with the principles of the present invention, 
the techniques described in the foregoing, and illustrated in 
FIGS. 1-5, for reducing the effect of Vt on the VGATE-Vt 
ceiling on signals passed by NMOS passgates may be 
combined to achieve an even greater reduction. 

[0028] Instead of increasing VGATE or modifying Vt in 
order to raise the VGATE-Vt ceiling imposed on signals 
passed by single-transistor NMOS passgates, the effect of Vt 
may be eliminated by using a fully complementary passgate 
structure, such as CMOS passgate 60 shown in FIG. 6. For 
some applications (e.g., interconnection switches, multi 
plexers, gating mechanisms for tristatable circuits, etc.), the 
use of single-transistor passgates has traditionally been 
preferred because a CMOS passgate includes at least two 
transistors (N MOS transistor 600 and PMOS transistor 610), 
and may further include auxiliary circuitry for generating 
and/or accommodating complementary VGATE signals (e.g., 
inverter 620 shown in FIG. 6), thereby taking up more area 
and having more parasitic capacitance than a single-transis 
tor passgate. 

[0029] Despite the increased area and capacitance, how 
ever, the use of CMOS passgates in those applications (e.g., 
interconnection switches for programmable logic devices) 
where single-transistor passgates have traditionally been 
used may be reasonable in view of the trend in scaling down 
supply voltages since CMOS structures scale easily and are 
capable of passing full logic levels. 

[0030] The above-described passgate structures 10/201/ 
40/60 that may be constructed in accordance with the 
principles of the present invention are especially useful in 
integrated circuit devices, such as programmable logic 
devices, in which such passgate structures are used as 
interconnection switches to allow programmable routing 
and switching. FIG. 7 is a simpli?ed block diagram of an 
illustrative programmable logic device 70 in which inter 
connection switches using passgate structures that have been 
constructed in accordance with the principles of the present 
invention may be readily used. Programmable logic device 
70 includes a plurality of regions of programmable logic 710 
operatively disposed in a two-dimensional array of rows and 
columns, and a programmable network of horiZontal 730 
and vertical 735 interconnection conductors for conveying 
signals amongst the logic regions 710 and various I/O 
structures 780. In the network of interconnection conductors 
73 0/735, signals may be programmably routed via intercon 
nection switches 700, which, in some designs, may also be 
grouped to form multiplexers. In some embodiments, pro 
grammable logic device 70 may also include any of a variety 
of functional blocks 750, such as memory structures, mul 
tiplier/accumulator blocks, arithmetic logic units, micropro 
cessors, etc. Functional blocks 750 may be dedicated struc 
tures that are con?gured to implement a speci?c function, or, 
alternatively, they may be user-programmable/recon?g 
urable structures. 

[0031] FIG. 8 illustrates in greater detail how intercon 
nection switches 700 may be used in the network of inter 
connection conductors 730/735 to route signals within pro 
grammable logic device 70. For the purpose of illustrating 
the principles of the present invention, a signal source/ 
destination within programmable logic device 70 may be 
any of the logic regions 710, functional blocks 750, I/O 
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structures 780, or other circuitry within programmable logic 
device 70. As schematically illustrated in FIG. 8, a signal 
may be routed from any given source to any given destina 
tion by using interconnection switches 700 to multiplex or 
switch signals provided on the output leads 725 of signal 
source 710/750/780/etc. onto the network of interconnection 
conductors 730/735 (within which interconnection switches 
700 may also be used to programmably connect one inter 
connection conductor to another), from which the signal 
may be eventually multiplexed or switched onto the input 
lead 720 of signal destination 710/750/780/etc. As shown in 
FIG. 8, the electrical characteristics of the network of 
interconnection conductors 73 0/735 may be represented as a 
chain of resistors 820 and capacitors 821a/b in a “black 
box” abstraction. 

[0032] Also shown in FIG. 8 is one embodiment of an 
interconnection switch 700 that may be constructed using 
the above-described enhanced passgate structures in accor 
dance with the principles of the present invention. As 
illustrated in FIG. 8, interconnection switch 700 may include 
any of the passgates 10/201/40/60 as the switching mecha 
nism. In some embodiments, a pair of inverters 801a and 
801b, along with a “half-latch” PMOS transistor 802, may 
also be included to provide buffering of the input and output 
signals. 

[0033] FIG. 9 shows how an integrated circuit device 90 
(e.g., a programmable logic device) employing any of the 
enhanced passgate structures that have been described in the 
foregoing may be used in a system 900. System 900 may 
include one or more of the following components: various 
peripheral devices 902, I/O circuitry 903, a processor 904, 
and a memory 905. These components may be coupled 
together by a system bus 901 and may be populated on a 
circuit board 906 which is contained in an end-user system 
907. 

[0034] System 900 can be used in a wide variety of 
applications, such as computer networking, data networking, 
instrumentation, video processing, digital signal processing, 
or any other application where the advantage of using 
programmable or reprogrammable logic is desirable. Inte 
grated circuit device 90, employing passgate structures that 
have been constructed in accordance with the principles of 
the present invention, may be used to perform a variety of 
different logic functions. For example, integrated circuit 
device 90 can be con?gured as a processor or controller that 
works in cooperation with processor 904. Integrated circuit 
device 90 may also be used as an arbiter for arbitrating 
access to a shared resource in system 900. In yet another 
example, integrated circuit device 90 may be con?gured as 
an interface between processor 904 and one of the other 
components in syste 

[0035] Various technologies may be used to implement the 
integrated circuit device 90 employing passgate structures 
that have been constructed in accordance with the principles 
of the present invention. Moreover, this invention is appli 
cable to both one-time-only programmable and reprogram 
mable devices. 

[0036] Thus, it is seen that enhanced passgate structures 
for an integrated circuit device have been presented. One 
skilled in the art will appreciate that the present invention 
may be practiced by other than the described embodiments, 
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Which are presented for purposes of illustration and not of 
limitation, and the present invention is limited only by the 
claims Which folloW. 

1-15. (canceled) 
16. A programmable logic device, comprising: 

an array of logic blocks; 

a plurality of interconnect lines; and 

a plurality of sWitches for programmably routing logic 
signals betWeen the logic blocks over the interconnect 
lines, Wherein each sWitch includes a transistor having 
a thick gate oxide for receiving a gate-activating volt 
age that exceeds a system voltage of the programmable 
logic device. 

17. The programmable logic device of claim 16, further 
comprising a plurality of transistors that receive a second 
gate-activating voltage that is equal to the system voltage of 
the programmable logic device. 

18. The programmable logic device of claim 16, Wherein 
the sWitches comprise passgate transistors. 

19. The programmable logic device of claim 16, further 
comprising: 

input/ output circuitry that is poWered at the gate-activat 
ing voltage; and 

core circuitry that is poWered at the system voltage. 
20. The programmable logic device of claim 16, Wherein 

a plurality of the sWitches form a multiplexer that provides 
multiplexed connections betWeen the logic blocks and the 
interconnect lines. 

21. The programmable logic device of claim 16, Wherein 
a plurality of the sWitches form a multiplexer that provides 
multiplexed connections betWeen at least tWo of the inter 
connect lines. 

22. A programmable logic device, comprising: 

a ?rst plurality of transistors having a ?rst gate oxide 
thickness; 

a second plurality of transistors having a second gate 
oxide thickness, Wherein the second gate oxide thick 
ness that is thicker than the ?rst gate oxide thickness 
and Wherein a gate-activating voltage of the second 
plurality of transistors exceeds a gate-activating volt 
age of a ?rst plurality of transistors. 

23. The programmable logic device of claim 22, Wherein 
the gate-activating voltage of the second plurality of tran 
sistors exceeds a system voltage of the programmable logic 
device. 

24. The programmable logic device of claim 22, Wherein 
the second plurality of transistors comprise passgate tran 
sistors. 

25. The programmable logic device of claim 22, Wherein 
the second plurality of transistors form a plurality of 
sWitches for routing signals Within the programmable logic 
device. 
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26. A programmable logic device, comprising: 

an array of logic blocks; 

a plurality of interconnect lines; and 

a plurality of sWitches for programmably routing logic 
signals betWeen the logic blocks over the interconnect 
lines, Wherein each sWitch includes a transistor fabri 
cated in an associated Well and Wherein an initial 
threshold voltage level of the transistor is reduced by 
applying a bias voltage to the associated Well. 

27. The programmable logic device of claim 26, Wherein 
the bias voltage is adjustable to control the reduced thresh 
old voltage level. 

28. The programmable logic device of claim 26, Wherein 
the sWitch transistor comprises a passgate transistor. 

29. The programmable logic device of claim 26, further 
comprising: 

input/output circuitry comprising transistors having the 
reduced threshold voltage level; and 

core circuitry comprising transistors having the initial 
threshold voltage level. 

30. The programmable logic device of claim 26, Wherein 
a plurality of the sWitches form a multiplexer that provides 
multiplexed connections betWeen the logic blocks and the 
interconnect lines. 

31. The programmable logic device of claim 26, Wherein 
a plurality of the sWitches form a multiplexer that provides 
multiplexed connections betWeen at least tWo of the inter 
connect lines. 

32. A programmable logic device, comprising: 

a ?rst plurality of transistors having a ?rst threshold 
voltage level; 

a second plurality of transistors having been fabricated in 
an associated Well, Wherein the initial threshold voltage 
level of the second plurality of transistors is reduced by 
applying a bias voltage to the associated Well, such that 
the reduced threshold voltage level is loWer than said 
?rst threshold voltage level of the ?rst plurality of 
transistors. 

33. The programmable logic device of claim 32, Wherein 
the bias voltage is adjustable to control the reduced thresh 
old voltage level. 

34. The programmable logic device of claim 32, Wherein 
the second plurality of transistors comprise passgate tran 
sistors. 

35. The programmable logic device of claim 32, Wherein 
the second plurality of transistors form a plurality of 
sWitches for routing signals Within the programmable logic 
device. 


